Although the etiology of porcine proliferative enteritis is not understood, the consistent presence of intracellular Campylobacter-like organisms (CLOs) in proliferating pig intestinal epithelial cells suggests that the organism is involved in the disease process. In order to obtain information about this organism, we generated and characterized specific DNA probes to the intracellular CLO which was purified without culturing. Intracellular CLOs were isolated from mucosa by homogenization, filtration, and absorption to wheat germ agglutinin-Sepharose. The DNA was purified, and a CLO genomic library was constructed. The specificity of recombinant plasmids was confirmed by both dot blot hybridization and Southern analysis of normal and diseased mucosa, as well as of a variety of Campylobacter species. Several of the CLO-specific probes hybridized with porcine mucosa obtained from pigs with proliferative enteritis but not with nondiseased mucosa. The probes hybridized equally with mucosa or DNA obtained from each of the two clinical forms of proliferative enteritis, i.e., proliferative hemorrhagic enteropathy and porcine intestinal adenomatosis. The CLO-specific probes failed to hybridize with any of the commonly isolated porcine Campylobacter species, including Campylobacter hyointestinalis, C. mucosalis, and C. coli. Therefore, the intracellular CLO of porcine proliferative enteritis may be an as yet unidentified or uncultured species.
Porcine proliferative enteritis (PE) is a transmissible enteric disease of weaned pigs. The disease has several clinical manifestations, including proliferative hemorrhagic enteropathy, porcine intestinal adenomatosis, necrotic enteritis, and regional ileitis. All forms are characterized pathologically by adenomatous hyperplasia of immature ileal enterocytes containing intracytoplasmic Campylobacter-like organisms (CLOs) (14) . The identity and origin of the intracellular CLOs and their relationship to the pathogenesis of the disease have not been resolved. Their consistent presence during the disease suggests that they are involved in its etiology (8, 10, 11) . Campylobacter hyointestinalis, C. mucosalis, and C. coli are commonly isolated from the lesions of PE. C. hyointestinalis and C. mucosalis are rarely found in normal porcine intestines (5, 12) . So far, however, attempts to reproduce PE with any of these cultured Campylobacter species or combination of the cultures have not been successful (1, 14) .
Results obtained by using immunohistology to identify the intracellular organism have been controversial (2, 8) . Antisera prepared against C. hyointestinalis or C. mucosalis bacteria did not react with intracellular organisms in indirect immunofluorescence assays (8) . Also, a monoclonal antibody prepared against the intracellular CLO, which had been purified from lesions without culture, reacted with intracellular bacteria in sections of lesions from other pigs but not with purified C. hyointestinalis, C. mucosalis, or C. coli (11) . A comparison of whole cell and outer membrane preparations of each of the Campylobacter species and the intracellular bacteria purified directly from the lesions established similar findings, i.e., that specific antibodies to the intracellular organisms do not react with cultured Campylobacter species (10).
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The use of DNA probes to identify organisms involved in PE eliminates some of the problems involved in immunologic investigations. In particular, preparation of antisera to Campylobacter species isolated in culture may not be useful for analysis of organisms present in tissues because of the loss of relevant virulence or antigenic factors.
The aim of this study was to generate DNA probes specific for the intracellular, nonculturable CLO observed in PE. Previously, we have generated species-specific DNA probes for C. mucosalis and C. hyointestinalis and used them to probe PE mucosa (4, 6) ,ug/ml) and X-gal (5-bromo-4-chloro-3-indolyl-i-D-galactopyranoside, 100 ,ug/ml). Plasmid DNA from individual clones was prepared with boiling lysis (7) and further analyzed by HindlIl digestion to determine the size of the insert.
Primary screening. For initial screening, recombinant plasmid DNA containing variously sized inserts was denatured by boiling for 10 min and applied to nylon filters (Hybond N; Amersham Corp., Arlington Heights, Ill.) by using a 36-well replicator device (Cathra Inc., St. Paul, Minn.). Bound DNA was fixed by UV irradiation. Replicate filters were hybridized individually to 32P-labeled total chromosomal DNA from CLOs (obtained from pigs with PIA and PHE), C. hyointestinalis, C. coli, and C. mucosalis and to normal pig mucosal DNA. DNA was labeled by random priming (3) (Pharmacia, Piscataway, N.J.). Conditions of hybridization have been previously described (6) . Briefly, the filters were prehybridized at 42°C for 10 Southern blot analysis. Chromosomal DNA (1 to 3 ,ug) extracted from the mucosal tissue of pigs with PHE and PIA, the mucosal tissue of a normal pig, and the bacterial strains was digested with Bglll and electrophoresed overnight at 25 V in a 0.7% agarose gel. HindTTT-digested lambda DNA and a 1-kb ladder were used as molecular weight markers. Before transfer to nylon filters, the DNA fragments were depurinated with 0.25 N HCI for 10 min, denatured with 0.5 N NaOH-1.5 M NaCl for 45 min, and then neutralized twice with 0.5 M Tris (pH 7.5)-1.5 M NaCl for 45 min. The DNA fragments were transferred onto nylon filters by standard techniques (9) . The filters were fixed and hybridized with selected recombinant CLO plasmid DNA from the secondary screening as described above.
RESULTS
The CLO preparation purified from PHE mucosa consisted entirely of Campylobacter-shaped organisms, as determined by microscopic examination. The supernatant from a cleared suspension contained no soluble DNA, as determined by the lack of ethidium bromide staining material after electrophoresis of 70 p.l of the supernatant on an agarose gel. DNA extracted from the CLO electrophoresed as a single high-molecular-weight band with no evidence of plasmids (data not shown). The library generated from this DNA contained about 200 recombinants. One hundred recombinants, with insert sizes from 0.1 to 6.6 kbp, were selected randomly for further evaluation.
To determine the origin of the cloned DNA, recombinant plasmids were spotted onto nylon membranes as described in Materials and Methods and hybridized to whole chromosomal probes prepared from DNA from mucosal tissue of PHE and PIA pigs, DNA from mucosal tissue from a normal pig, and DNA from the three porcine Campylobacter species. Under high-stringency washing conditions, 96 clones hybridized to both PHE CLO DNA and PIA CLO DNA exclusively. Three additional clones cross hybridized to CLO and C. hyointestinalis DNA. One clone hybridized only to normal pig DNA. No hybridization to C. coli or C. mucosalis was detected (data not shown).
Five recombinants, with insert sizes of 3.4, 2.6, 1.8, 1.6, and 1.5 kbp, were tested for hybridization to spot blots of DNA from PHE mucosa, PIA mucosa, and normal pig mucosa and to DNA from porcine Campylobacter species. All five recombinant plasmids hybridized strongly to diseased mucosa but not to nondiseased mucosa or to purified porcine Campylobacter species (Fig. 1) . This result occurred consistently for all four methods of sample pretreatment prior to application to the nylon filters (Fig. 2) . Any cross hybridization was removed when the mucosal DNA was purified by phenol-chloroform, the Extractor, or filtration methods. Filtration of the mucosal samples removed most mucosal material and other contaminating bacteria. Although all background was removed by the Extractor and filtration methods, a 10-fold loss in sensitivity occurred with these two methods. Fig. 4 . Southern blot analysis with three cloned CLO fragments. DNA from pig mucosa and from swine and other related Campylobacter species were digested with BglII and evaluated by Southern blotting as described in Materials and Methods. (A and B) Lanes: 1, mucosal DNA from a pig with PHE; 2, mucosal DNA from a pig with PIA; 3, C. hyointestinalis 8384-4; 4, C. fetus ATCC 27374; 5, C. coli 8384-4; 6, C. jejuni ATCC 33560; 7, C. mucosalis 8384-4; 8, C. concisus ATCC 33237; 9, mucosal DNA from a normal pig intestine, as described in Materials and Methods. (C) Lanes: 1, mucosal DNA from a pig with PHE; 2, C. hyointestinalis 8384-4; 3, C. coli 8384-4; 4, C. mucosalis 8384-4; 5, mucosal DNA from a normal pig intestine. The membranes were hybridized with plasmids pCLO1 (A), pCLO98 (B), and pCLO78 (C) containing inserts of 3.4 kb, 2.6 kb, and 1.8 kb, respectively. All probes contain HindlIl-generated inserts. Hybridization with C. jejuni DNA in lane 6 represents cross-reaction due to the vector and C. jejuni plasmids. The cross-reaction was not seen when the CLO insert fragments were isolated from pCLO1 (D), pCLO98 (E), and pCLO78 (F) and hybridized to BglII digests of DNA from a pig with PHE (lane 1) and C. jejuni ATCC 33560 (lane 2).
Spot blot hybridizations were done with one probe (3.4-kb insert) by using CLOs (about 108 organisms per spot) and type strains of all other described Campylobacter species, including those of the three porcine species (108 CFU per spot) (Fig. 3) . The CLO-specific probe did not hybridize with any of the Campylobacter species.
Southern blot analysis was done to verify that the cloned DNA was present only in diseased tissue and was not similar to DNA from described Campylobacter species. Detailed analysis of results for three clones, pCLO1 (3.4-kb insert), pCLO98 (2.6-kb insert), and pCLO78 (1.8-kb insert) was performed. However, all five clones studied hybridized strongly with DNA from HindIII-and BglII-digested PHE and PIA mucosa but not with DNA from normal pig mucosa, nor with DNA from porcine or related Campylobacter species. The results of three experiments using pCLO1, pCLO98, and pCLO78 and BglII-digested DNA are shown in Fig. 4 . Single specific bands were detected by pCLO1 and pCLO98, respectively, in PHE and PIA mucosa alone ( Fig.  4A and B) . The bands observed in lane 6 containing C. jejuni DNA result from cloning vector hybridization to plasmid sequences in the isolate we used. Identical bands were observed when hybridizations were carried out with other recombinant plasmids or with the parental vector itself (data not shown). Plasmid pCLO78 also hybridized with diseased mucosa (Fig. 4C, lane 1) but not with normal mucosa or any of the swine Campylobacter species (C. hyointestinalis, C. mucosalis, and C. colt). When the insert fragments were isolated from the vectors, no cross hybridization with C. jejuni was observed (Fig. 4D to F ).
DISCUSSION
The results described here show that we have isolated DNA fragments from a previously uncharacterized intracellular organism in the lesions of porcine PE. The organism and its DNA clearly are foreign to nondiseased pig tissue and are different from all described porcine Campylobacter species. Since the current attempts to grow CLOs in vitro on artificial medium have not been successful, the only procedure available for isolating CLOs was to directly release them from the intestinal epithelial cells by homogenizing the intestinal mucosa tissue and filtering it to remove the other components. Therefore, contamination with pig chromosomal DNA may have occurred. The low frequencies of recombinant clones that reacted with C. hyointestinalis (3%) and pig mucosa (1%) are consistent with the copurification of contaminating bacteria that colonize the villus crypts and are difficult to wash out completely and of contaminating host DNA. Therefore, the intracellular CLO appears to represent a species of bacteria separate from those previously associated with the disease (5, 12, 14) . The specialized habitat and pathogenicity of the CLO makes it likely that it represents a novel genus or species of bacterium.
The unique nature of the CLO was suggested previously by immunological studies of the organisms involved in PE (8, 10, 11) . The present DNA studies support and extend those findings to the level of genetic distinction. Similar DNA studies for C. mucosalis and C. hyointestinalis strains have indicated that cloned DNA inserts of 1.5 to 3.5 kb were useful for the probing of mucosa and bacteria obtained from pigs with PE (4, 6) . Therefore, the three plasmids used in this study for Southern hybridization (3.4-, 2.6-, and 1.8-kb inserts) are also likely to be useful in studying the presence and location of the intracellular CLO in the intestines of pigs during various stages of PE.
The observation that all cloned DNA fragments hybridize to PHE and PIA DNA confirms that the intracellular CLOs seen in various clinical and pathological manifestations of PE, i.e., acute and chronic as represented by PHE and PIA, share these same sequences. This would suggest that they are identical or similar organisms. Similar conclusions were drawn from histopathological and immunological studies (8, 11, 14) . Therefore, the variation in disease manifestation may be due to other factors, including the various environmental stresses associated with intensive pig farming, or may merely indicate acute and chronic forms of the same disease.
The possibility still exists that the DNA clones prepared from CLO are extrachromosomal in origin, possibly even from Campylobacter species, plasmids, viral contaminants, or phages which are not present in cultured strains. However, there is no evidence for this, particularly since no reactions were observed between the CLO clones and any of the cultured Campylobacter species and no plasmids were detected in any CLO DNA electrophoresed on gels.
The application of molecular biologic techniques to clinical and experimental investigations of porcine PE may facilitate studies of the role of bacteria, particularly Campylobacter species, in the disease (4, 6) . Cloning and characterization of certain DNA sequences of the CLO may lead to a genetic identification of the organism. DNA probes specific to the intracellular organism provide a simple diagnostic identification of the CLO. In addition, they allow for studies of the intracellular organism in intestinal tissues by in situ DNA hybridization.
